I Introduction
U I') to now empirical research on industrial monopoly utilizing comparative data for several countries has focused primarily on relative concentration levels in certain specified industries. The purpose of this article is to supplement these analyses by investigating from international data what we can learn about overall concentration as well as concentration in every manufacturing industry. This is accomplished by comparing the degree of industrial concentration in twelve nations on both an aggregate level and on the individual industry level. For the major industrial nations I show not only that the average levels of concentration in the manufacturing sector are the same, but also that concentration ratios are roughly the same in any specified four-digit industry.
After a short discussion of several important relationships, the empirical analysis is started with an examination of weighted averages of four-firm, four-digit concentration ratios for various nations. This is followed by a regression analysis of individual concentration ratios for specified industries for pairs of nations. An attempt is made to interpret these results in the following section and the study ends with a brief summary of the most important implications of the empirical results. Technical matters including the sources of data and their adjustment are in the appendix.
II Several Preliminary Remarks
An implicit or explicit assumption in many discussions about international aspects of the-"monopoly problem" is that industrial concentration is lower in the United States than in other countries having smaller domestic markets.' Underlying this assumption are the arguments that a single minimum-efficient scale (MES) or optimal size enterprise may produce more than enough to supply the domestic market of a small nation, while in the United States, domestic consumption is equal in many cases to the production of many MIES or optimal size firms; further, the minimum efficient or optimal scale of an enterprise is roughly the same in all developed nations; and finally, the relevant market facing the enterprise is related to the domestic GNP, and foreign trade is an irrelevant consideration.
These views have come under attack on several fronts. The minimum efficient or optimal scale (in terms of output) may depend on relative factor prices; or it may also depend on size of the domestic market." Further, since many United States industries are regional, not national, the average degree of concentration in the United States is much higher than previously suspected when this phenomenon is properly taken into account; 8 and the European industrial concentration data do not look so out of line with the American results. Foreign trade considerations also seem too important to omit as many analysts have done. Although attempts have been recently made to construct coherent models taking all these various factors systematically into account, we have far to go to reach a satisfactory explanation.
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In the industrial organization literature one finds scattered comments about the degree to which given industries in different nations have similar degrees of concentration. Although it seems likely that more concentrated industries in one nation might also be more concentrated in another, a satisfactory model of this phenomenon has not yet been presented either, and primary efforts have focused on explaining differences in industrial concentration between the United States and the United Kingdom.
Any type of complete theoretical statement on these matters must take into account the following empirical observations: 1) Average sizes of manufacturing establishments among nations are strongly correlated with indicators of market size of these nations.4 Data illustrating this relationship are presented in table 1 for various types of measures of average establishment size for the manufacturing sector as a whole; similar relationships hold for narrowly defined industries as well.
2) The degree to which economies are characterized by multi-establishment enterprises is correlated also with indicators of the market size of nations.' This relationship holds not only for manufacturing as a whole but also for narrowly defined industries as well.
3) Given the above two empirical relationships, it should not be surprising that average size of industrial enterprises among nations is strongly correlated with indicators of market size. Data illustrating this relationship are also presented in table 1 for various types of measures of average enterprise size for the manufacturing sector; similar empirical results can be obtained for narrowly defined industries as well.
Since the purpose of this paper is to present the results of an empirical study of concentra-'ion, exploration of the theoretical factors underlying the above described relationships would lead us too far from the central focus. For the foreign trade variable I am assuming that the ratio of value added in nonagricultural export good production to total value added in manufacturing is roughly in the same proportion in all nations to the ratio of total value of nonagricultural exports to value added in manufacturing, an approximation for which some evidence exists.
Regressions such as those shown in the Thje statistic used below to measure industrial concentration is the four-firm concentration ratio, i.e., the percentage of the value of shipments or production accounted for by the top four enterprises in a narrowly defined industry. In certain cases, which are designated below, the concentration ratios are based on the percentage of employment in a particular industry that is accounted for by the largest four enterprises in an industry. Although there are certain well-known objections to the use of concentration ratios as a measure of monopoly, they provide the only available data with which any comparisons can be made.8 The concentration ratios are calculated primarily for industries corresponding to the four-digit classification in the United States industrial statistics reporting system; in certain cases, however, concentration ratios for five-digit industries (i.e., industries defined more narrowly) are used after appropriate adjustments are made.
From pairs of concentration ratios for similarly defined industries of the United States and a given foreign country there were computed weighted averages of overall concentration for each. The results for all countries were then standardized by setting the weighted United States concentration ratios equal to 1.00 and recalculating the foreign weighted average so that the derived ratio was obtained. The number of such pairs of concentration ratios in the indices varied, ranging from 24 (the United States-Netherlands comparisons) to 107 (the United States-Sweden comparisons), and depended on the number of similarly defined industries for which no concentration data could be found.
The indices (or weighted averages) were actually calculated in a two-step procedure because of weighting difficulties.' Where concentration ratios based on value of shipments were available, value-added weights were used to consolidate the ratios of individual industries into weighted averages for classes corresponding to the International Standard Industrial Classification (ISIC) two-digit branches of manufacturing. These two-digit branch averages were then combined using value-added weights for the entire branch to calculate the aggregate measure for the entire manufacturing sector."' Xhere only concentration ratios from employment data are available, a similar two-step procedure was carried out using employment in individual industries and in the ' One objection to the use of four-firm concentration ratios is that the relative concentration in two industries might be reversed if a different cutoff point is used; empirical investigations using United States data show this objection of little consequence. Another criticism is that concentration ratios may understate concentration in regional industry since they are calculated on a national level; I try to make corrections in my analysis for this factor. Finally, many have argued that the four-digit classifications are too broad and that industries must be more narrowly defined. In many cases this is a quite valid objection but unfortunately this empirical investigation is limited by the data at hand. "'Greater details on the construction of the averages are given in the appendix. Value-added weights are used to aggregate concentration ratios within the two-digit branches in order to minimize differences in definition between weights that might occur because the degree of vertical integration of a particular industry is defined differently in the various national statistics.
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two-digit industrial branches as weights instead. For France both types of concentration ratios were available and the results were roughly the same.
There is, of course, an index-number problem in the choice of the national weights in the individual comparisons between the United States and different foreign nations. And, moreover, problems of interpretation arise whatever weights are selected. In order to gauge quantitatively the magnitude of this problem, three different sets of indices were calculated for the two-country comparisons: one using United States value-added weights for the individual industries and two-digit branches; another using United States value-added weights for the individual industries but foreign valueadded weights for the two-digit branches; and a third using foreign value-added weights for both individual industry and industrial branch weights. Much less data are available for the third comparison but, as shown below, the results for all three calculations are roughly the same, so that we can draw relatively unambiguous conclusions without worrying unduly about index-number effects.
A final problem arises in the treatment of regional industries and several choices of method are available. Rather than adjust the concentration ratios for each country to reflect whether regional industries are involved, I have chosen to omit from the indices those industries that can be classified as regional in the United States.1" This procedure considerably reduces l Foreig,n trade considerations can be partly taken into account bv calculating concentration ratios so as to include imports (see William G. Shepherd's forthcoming study using this approach) or by calculating international concentration ratios, so as to be able to take into account multinational enterprises (see Joseph Miller's forthcoming study using this approach). Nevertheless, we also used information concerning the degree to which tariffs protect domestic markets and the substitutability of foreign and domestic trade before the competitive effect of foreign trade can be fully judged. Quantitatively determining the effect of formal and informal collusion, cartelization, and other such devices dampening the forces of competition is even more difficult. Effects of both foreign trade and domestic market considerations are analyzed in one manner by Esposito and Esposito in this REVIEW LIII (Nov. 1971), 343-353. 16 Weighted two-digit, four-firm concentration ratios were calculated for the twelve nations and then ranked; the average ranks for the manufacturing sector for the individual two-digit industries are presented in the table. The sources for the data are the same as the previous table.
The concordance coefficient, which ranges from 0.00 to 1.00, designates the degree to which the various rank orderings are similar; the coefficient presented in the table is significant at the 0.01 level, i.e., the rankings in the various nations comprising the sample are quite similar. This coefficient is defined and analyzed by Maurice G. Kendall, Rank Correlation Methods (New York: Hafner, 1962). ship between the four-firm, four-digit concentration ratios in the United States and the various foreign nations. The amount of variation of the foreign concentration ratios that is "explained" by variation in comparable United States ratios ranges from 26 to 67 per cent.
THE REVIEW OF ECONOMICS AND STATISTICS
The most striking results occur for France, West Germany, Italy, Japan and the Netherlands; for these nations we cannot reject the hypothesis (at the 0.05 level of significance) that the concentration ratios in particular industries are numerically the same as in the United States, i.e., that the regression equation is: foreign concentration ratio for industry X = 0.0 + 1.0 X United States concentration ratio for industry X! Thus, for five out of the six nations that have similar overall levels of concentration as the United States, the results appear because the concentration ratios for individual industries are similar as well. (The United Kingdom is the only exception.) These results are particularly impressive because there is a statistical bias in the regressions that leads to slopes less than unity, a positive constant coefficient, and an underestimation of the degree of equality between foreign and United States concentration ratios because coricentration ratios are bounded between 0.00 and 1.00.18 Investigation of the individual industries in which concentration ratios in the five nations differed significantly from those of the United States yielded no very interesting results.
For Belgium and Canada we cannot reject the hypothesis (at the 0.05 level) that the individual concentration ratios are equal to the individual United States ratios plus a constant; and, comparing tables 2 and 3, the constant in the regression is roughly equal to the difference between the overall levels of concentration in these nations and the United States. Thus, for seven out of the eleven nations under examination (Belgium and Canada plus the five nations discussed in the previous paragraph) the slope coefficient relating the United States and foreign concentration ratios for individual industries is not statistically different from unity.
For the remaining four nations (Sweden, Switzerland, the United Kingdom, and Yugoslavia), the pattern of relationship with United States concentration ratios is statistically significant but less easy to interpret, since, for a 1 Standard errors are placed below the calculated regression coefficients; asterisks denote statistical significance at the 0.05 level. The source of data is the same as in previous tables. " The nature of this bias can be seen most clearly by starting with the full form of the calculated regression: F = a + bU + u, where it is a random disturbance. If U is very small, u will tend to be positive since F cannot be less than 0.00; if U is very large, u will tend to be negative since F cannot be greater than 1.00. This will lead to a positive intercept and a slope less than unity, even when the true relation is F 0.00 + 1.00 U. Certain complicated statistical techniques such as probit analysis can be employed to get around this difficulty but for the purposes at hand these did not seem necessary. Several experiments were made to test the strength of the bias, e.g., the regressions were recalculated, omitting from the sample all industries in which the concentration ratio of one or both nations is a prespecified distance from 0.00 and 1.00. These seemed in most cases to yield roughly the same results as those presented in table 5 above. The samples did not seem large enough to be able to be used to discriminate between different functional forms of the relationship between the concentration ratios of pairs of nations and, therefore, I chose the most simple relationship.
given industry, their concentration ratios are greater than those in the United States for industries with low concentration, and are lower than those in the United States in highly concentrated industries."'
The results show clearly that forces making for monopoly in a particular industry are similar in the twelve nations. A considerable amount of empirical work has been devoted to explaining the impact of forces such as barriers to entry on industrial concentration in the United States and much work needs to be done on other nations as well. The available international data do not permit adequate derivation of measures of barriers to entry that are independent of the concentration variable that we are trying to explain.2" I did try to test a recently proposed hypothesis by L. G. Telser that the nature of the competitive process is such that concentration is related to the capital intensiveness of production by calculating a rank order correlation coefficient between relative concentration (table 5) and relative capital/ labor ratios; 2 but the calculated coefficient was low and not statistically significant. A quantitative international study of forces encouraging monopoly in particular industries must be put on the agenda of future research if we wish to fully understand industrial organization from a world standpoint.
V Some Interpretative Remarks
For those who believe that the degree of industrial concentration is inversely related to market size, the results presented in this paper provide an interesting paradox. The following remarks are intended to provide assistance in unraveling this problem.
First, the empirical results of this study are consistent with the proposition presented in section B that average enterprise sizes (both in the manufacturing sector as a whole and also in individual industries) vary according to the market size in aggregate. If we look closely at the various indicators of enterprise size in the regressions reported in table 1, we note that the greater the weight placed on the largest enterprise (the Niehans index places greater weight on the largest sized enterprises than the entropy index; and the entropy index places greater weight on these large enterprises than the arithmetic average), the closer the calculated elasticity coefficient of average enterprise size to total GNP is to unity. It thus appears from the regressions in table 1 that the size of the largest enterprises vary in the same proportion as total GNP and this is quite consistent with the results that the average degrees of industrial concentration for many nations are roughly the same. The rise in industrial concentration in nations with small GNP's would, according to this interpretation, reveal a nonlinearity that is not reflected in the specification of the regressions in table 1. Although questions about the functional form and the numerical value of coefficients linking average enterprise size and GNP cannot be resolved with the small sample of nations with comparable data with which we have to work, the existence of a relationship between enterprise size and GNP seems crucial to interpret the empirical results presented in the last two sections of this study.
Second, the approach used in this essay focuses the search for an explanation of the similarity of four-firm, four-digit concentration ratios in the largest industrial nations on those factors underlying the positive correlation between enterprise size and total GNP, namely, " Pashigian, "Market Concentration in the United States and Great Britain," op. cit., argues that the differences in concentration ratios for individual industries in the twa nations can be explained by the relative sizes of the individual markets for these two countries.
" I did finid significant correlations between the rank order of concentrationi (table 4) and rank orders of fixed capital in average size enterprises in the two-digit industries, or of workers and employees in average size enterprises. Unfortunately, since absolute and relative enterprise size are highly corr-elated, such measures of barriers to entry are quite inadequate. From United States and Swiss industrial censuses, I found data on the ratio or research and development personnel to total personnel in the industry; and these data giv e some indication of the "degree of technical intensiveness" of an industry which, in turn, might reflect an important barrier to entry. Although such a rank ordering of industries is significantly correlated with the average rank ordering of concentration, the measure of this technological barrier is sufficiently imperfect to make interpretation of the results very uncertain. 21 Third, alternative approaches toward an explanation that rely on the impact of differential tariffs or that start from Markov analyses of the growth of enterprises show little promise for helping us understand the results. Trying to explain the results of this study from the empirical analyses of concentration in a single country (that show an inverse relationship between market size and industrial concentration) with the addition of one or two more explanatory variables to take into account "international effects" does not seem very promising to me either. One explicitly acknowledged difficulty in all of these more intensive studies of market size and concentration is the difficulty in obtaining an adequate measure for market size.
Fourth, the results of this study of concentration may have one important implication on the analysis of production functions, namely, that the optimal or minimum efficient sizes of enterprises may not be invariant in all nations but may vary with size of the GNP. If the link between these results and production functions is denied, then some alternative explanation for the correlation between enterprise size and the GNP must be specified. One possible alternative explanation that resorts to differences in relative factor prices to explain the conclusions about concentration was casually examined by the author, but my empirical results to examine this hypothesis seemed sufficiently unpromising to encourage any greater efforts along these lines.
Fifth, the empirical results in this paper, especially those showing great similarity in the degree of concentration in the group of largest nations, are the cross-section analog to results reported by others showing that for individual nations, the degree of concentration has not changed greatly over long periods of time.22
This numerical similarity of concentration at several points in time has never been adeqtuately explained but implies a distinct relationship between average enterprise and market size, a relation that seems crucial to the above reported results as well. It must be added that neither the time-series nor the cross-section comparisons of industrial concentration give insight into the exact nature of this relation between enterprise and market size, but merely demonstrate the existence of such a relation. But recognizing the existence of some force is an important step in trying to assess its nature.
Finally, the similarity of industrial concentration in the largest nations at one point in time and the similarity of industrial concentration in particular nations over time makes us wonder whether or not anti-trust legislation and enforcement, particularly in the United States, has been very effective.23
VI A Brief Summary
The data show that the average four-firm, four-digit concentration ratios among large industrial nations are roughly the same; and also that concentration in these nations is less than among smaller nations.
The data also show that the rank order of concentration ratios by specific industries are 
